ELECTRODE FOR FUEL CELL AND MANUFACTURING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an electrode for a fuel 
cell and a manufacturing method therefor. 

2. De sc ripti o n o f t he Related Art 

A solid polymer electrolyte fuel cell is an apparatus 
comprising membrane-electrode assembly, which comprises 
electrodes , an anode and a cathode each having a catalyst layer 
and a gas diffusion layer containing an electron-conductive 
porous substrate, bonded onto ion-exchange membrane. 
Hydrogen is supplied to the anode and oxygen is supplied to 
the cathode so as to generate electric power by using 
electrochemical reactions. The electro-chemical reaction 
which occurs in each electrode is as follows: 

Anode: H2 -> 2H + + 2e 

Cathode: 1/202 + 2H + + 2e -> H2O 

Overall Reaction: H2 + 1/202 -> H2O 

As can be understood from the reaction formula, reactions 
in each electrode proceed in only the three-phase boundary 
sites in which supply and receipt of reactant gases (hydrogen 
or oxygen), protons (H + ) and electrons (e) can simultaneously 
be performed . 



As shown in Fig. 8, the < electrode of a fuel cell 
incorporates a porous catalysu layer 86 in which catalyst 
particles 81 and solid polymer eLLectrolyte 82 are distributed 
three-dimensionally with a plurality of small pores 84 are 
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formed; and a gas diffusion^ layer 88 containing a 
electro-conductive porous siibstance 87. 



The gas diffusion layer 88 provides spaces in the surface 
of the catalyst layer 86 to maintain a passage for carrying 
oxygen or hydrogen as a reactant supplied from the outside 
of the cell. Moreover, the gas diffusion layer 88 provides 
a passage for discharging water produced in the catalyst layer 
of the anode from the surface of the catalyst layer 86 to the 
outside of the cell system. 

On the other hand ,\ the catalyst particles 81 of the 
catalyst layer 86 form electron conductive channel , the solid 
polymer electrolyte 82 forms a proton conductive channel and 
the small pores 84 form suriply/discharge channel for supplying 
oxygen or hydrogen to the inside from the surface of the 
catalyst layer 86 and di^ [charging water produced in the 



cathode to the surface for 



the inside of the catalyst layer. 



The three channels are th^e^-dimensionally dispersed in the 
catalyst layer 86 so that' an infinite number of three-phase 
boundary sites, in which tie gas, protons (H + ) and electrons 
(e) are supplied and receipted simultaneously, are formed in 
the catalyst layer 86. Thus, portions for the reaction sites 
of the electrode is provic ed . 
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Note that reference numeral 83 shown in Fig. 8 
represents PTFE (polytetraf luoroethylene) particles which 
impart hydrophobic ity to the inside portion of the small 
pores 84 of the catalyst layer 86 and the surface of the small 
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pores 84. Reference numeral 85 represents an ion-exchange 
membrane. 

The ion-exchange membrane 85 serving as an electrolyte 
exhibits satisfactory proton conductivity in a water- 
5 retention state. Therefore, the operation must be performed 
while a wet state is being maintained in the cell . Therefore, 
humidified hydrogen or oxygen are supplied to the anode or 
the cathode to prevent dry up of the ion-exchange membrane 
85 so that water content in the ion-exchange membrane is 

10 nnntrnllPfi. 

The solid polymer electrolyte fuel cell has the catalyst 
jj layer with the pores forming Vthree-dimensional channel for 

n supplying oxygen or hydrogen! Therefore, the humidified 

^ supply gas, which is the reactant, causes water to be 

:? 15 accumulated in the surface ofvthe catalyst layer* As an 
alternative to this, accumulation of water in the pores 
inhibits supply of the reactant\ gases to the three-phase 
boundary sites of the catalyst lkyer, and, in particular, 
to the deep portion of the electrode* Thus, an actual active 
20 surface area is reduced. Therefore, the performance of the 
cell cannot satisfactorily be obtained. Accordingly, 
adequate hydrophobicity is imparted to the gas diffusion 
layer containing the electro-conductVve porous substance 
and the catalyst layer to prevent accumulation nf wat^r. 



25 The hydrophobicity to the electro-conductive porous 

substance in a case of carbon paper (having a thickness of 
£s*b H\ .1-5 mm) which is made by a sintering body of carbon fibers 
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will now be described. The carbon paper is immersed in 
solution of PTFE suspension. Then, the carbon paper 
containing the PTFE particles are baked at about 350 °C for 
15 minutes in a nitrogen atmosphere so that the surfaces of 

5 thp rarhnn fibers are coated with PTFE, 

On the other hand, the hydrophobic ity is imparted to 
the catalyst layer by mixing the PTFE suspension into paste 
for the catalyst layer including carbon particles supporting 
fine particles of noble metal as catalyst, such as platinum, 
fftlO and the solid polymer electrolyte solution. 



The hydrophobic ity ofi both of the catalyst layer and 
the electro-conductive porous substance is, however, 
unsatisfactory at present. \ Supply of hot and enough 
humidified gases to improve the proton conductivity of the 
f 15 ion-exchange membrane resulting in enhancement of cell power 
* unsatisfactorily causes water to be water flooding 

I accumulated in the pores of the catalyst layer and the surface 

of the same. As a result, supply of the reactant gases to 
the three-phase boundary sites lof the catalyst layer, and, 
20 in particular, to deep portions of the catalyst layer is 
inhibited. As a result, the actual active surface area is 
reduced, causing a problem to arji.se in that the performance 
of the cell cannot sufficiently be obtained. In particular, 
because water is produced with the reactions proceeding, this 
25 accumulation of water is occurreq easily in the pores of the 
catalyst layer in the cathode. 
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To improve the hydrophobic ity of the catalyst layer, 
resulting in solution of the foregoing problem, the mixture 
ratio of the solution of PTFE particles dispersion to the 
past for the catalyst layer must be increased. However, the 
5 increase of the amount of the PTFE particles in the electrode 
reduces the ratio of the catalyst supporting on carbon, the 
solid polymer electrolyte and the pores. As a result, 
formation of the electron conductive channel, the proton 
conductive channel and the channel for 
10 supplying/discharging oxygen or hydrogen as a reactant and 
water which is a product is inhibited. Therefore, there 
arises a problem in that the power of the cell is undesirably 



To furthermore improve \the hydrophobic ity of the 
15 electro-conductive porous substance, the amount of PTFE 
suspension which is applied to the electro-conductive porous 
substance must be increased. Iff the amount of it is enlarged 
excessively, PTFE particles close pores of the electro- 
conductive porous substance. In the foregoing case, there 
20 arises a problem in tha t g^g ^"nP^y i fi inhibited 



In general, it is said\that the effective thickness of 
the catalyst layer for the Electrochemical reactions is 5 

m to 10 m. The gas supply\ in the electrode cannot 
sufficiently be performed invbhe catalyst layer having a 
25 larger thickness. As a resultV the gas is wasted and the 
function of the electro-conducnive porous substance for 
maintaining the passage for the ga$ is inhibited. Therefore, 
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$0^9 ^ control of the thickness of the cxitalyst layer is an important 

factor to impro ve the performance of the electrode. 

However, in general, carbon paper which is the 
conventional electro-conductive porous substance is 
5 manufactured by molding carbon fibers each having a diameter 
of 5 jum to 10 //m into an unwoven shape, followed by sintering. 
The average diameter of the pores of the substrate is about 
10 //m to about 20 jam. Therefore, it is very difficult to 
keep the thickness of 5 jum to 10 /lm of the catalyst layer. 
l D 10 A cross section of a state where the conventional catalyst 
layer has been formed on the carbon paper gas diffusion layer 
iji is shown in Fig. 9. Reference numeral 91 represents the 

yl catalyst layer and 92 represents the carbon paper as the 

p electro-conductive porous substance. Since the diameter of 

15 the pores in the electro-chemical reactions made of the 
jEJ porous material is large and its pores are roughly 

: ^ distributed, the thickness of the applied catalyst layer 91 

is ununiform. 

To prevent the foregoing problem, the porosity and its 
20 pore diameter of the porous substance must be reduced and 
a dense structure must be formed. In the foregoing case, 
the passage for the gas cannot easily be maintained. 



SUMMARY OF jfflE INVENTION 
25 In view of the foregoing an object of the present 

^\^3 invention is to advance the performance of an electrode for 

a fuel cell by improving the hydrophobic ity while a gas 
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diffusivity of the gas diffusion electrode for a fuel cell 

is being maintained. Another object of the present 

V invention is to improve the performance of an electrode for 

\ 

a fuel cell by densely forming a electro-conductive porous 
5 substance to uniform the thicknesses of the catalyst layer 
while a gas diffusivity of the $as diffusion layer is being 

maintained- 

According to the present invention , an electrode for 
3 a fuel cell comprises a cattalyst layer containing a solid 

2 10 polymer electrolyte, catalyst particles arid porous polymer 
~1 (a) alternatively, an electiqpde for a fuel cell comprises 
^ a catalyst layer containing a\solid polymer electrolyte and 
~'* catalyst particles, wherein parous polymer is provided for 
* the inside portions of pores of the catalyst layer or/and 

=3 15 the surface of the catalyst layer. An electrode for a fuel 

3 cell comprises a catalyst layen containing a solid polymer 
electrolyte and catalyst particles; and a gas diffusion layer 
containing electro-conductive pcwrous substance, wherein the 
catalyst layer or/and el ec t ro -conduct ive porous substance 

20 incorporate porous polymer* It is preferable that the 

porous polymer is fluorocarbon pqlymer . 



BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 
25 Fig. 1 is a graph showing I-V characteristics of cells 

A to D; 
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Fig. 2 is a graph showing I-V characteristics of cells 
E and G; 

Fig. 3 is a graph showing I-V characteristics of cells 
H and I; 

5 Fig. 4 is a schematic view showing the structure of an 

electrode for a fuel cell according to the present invention; 

Fig. 5 is a schematic view showing the structure of the 
electrode for a fuel cell according to the present invention; 
O Fig. 6 is a schematic view showing the structure of the 

J* 10 electrode for a fuel cell according to the present invention; 
\j Fig. 7 is a schematic view showing the structure of the 

lLJ electrode for a fuel cell according to the present invention; 

Fig. 8 is a schematic view showing the structure of a 
f; conventional electrode for a fuel cell; 

J 15 Fig. 9 is a schematic view showing the cross-sectional 

~ 3 structure of a conductive base of the conventional electrode 

for a fuel cell; and 

Fig. 10 is a schematic view showing the cross-sectional 
structure of porous polymer according to the present 
20 invention. 



DETAILED DESCRIPTION QF THE DRAWINGS 
The present invention will be described as follows 
referring to the accompanying drawings . 
25 An example of the structure of an electrode for a fuel 

cell according to the present invention will now be described 
to furthermore specifically describe the present invention. 
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Figs. 4, 5 and 6 are schematic views showing examples of 
structures of the electrode for a fuel cell according to the 
pres ent invent ion . 



As shown in Figs. 4, 5 and 6, a catalyst layer according 
to the present invention and containing a solid polymer 
electrolyte and catalyst padticles and plural porous 
catalyst layer. The catalysl layer has a structure that 
catalyst particles 41, 51 and! 61 and solid polymer 
electrolytes 42, 52 and 62 are distributed three- 
dimensionally with a plurality of small pores 43, 53 and 63 
in the catalyst layer. The average diameter of the small 
pore is from lOnm to IjULm* Basically, the catalyst particles 
form an electron conductive cjhannel and the pores for a 
channel for supplying and discharging oxygen or hydrogen and 
water which is a product. 



In case of the electrode for a fuel cell shown in Fig. 
porous polymer 44 with \three-dimensional network pore 
(hereinafter referred to as\"porous polymer" ) exist mainl y 
at the small pores in the catAlyst layer. The electrode for 
■a— ftre±~e^Ii snown in Fig. b iAcTudfe's^p'o'rmrs polymer 54 with 
three-dimensional network pore at the surface of the catalyst 
layer. An electrode for a fuel cell shown in Fig. 6 includes 
porous polymer 64 with threel-dimensional network pore 
existing at both the small patres and the surface of the 
catalyst layer. If necessary A each of the foregoing 
electrodes for fuel cells are lable to incorporate the 
catalyst layer and the gas diffusion layer with the 



electro-conductive porous substance with the porous polymer 
at same time. Referring^ to the figures above, reference 
<^\)h ft^ numerals 45, 55 and 65 represent ion-exchange membranes and 
each of 46, 56 and 66 represents a carbon porous material 
5 made by sintering of carbonVf ibers as an electro-conductive 
substrate. If necessary, PTFE particles may be provided the 

catalyst layer similarly to \he conventional technique. 

According to the present invention, it is not necessary 
q that the porous polymer having ion-exchange function is 

■j? 10 provided for the small pores in the catalyst layer or /and 
the surface of its layer. Therefore, the hydrophobicity of 
if; the small pores or/and the surface of the catalyst layer can 

be improved. As a result, accumulation of water in the 
!rf surface of the catalyst layer causing the small pores to be 
Q 15 closed can be prevented. Also accumulation of water in the 
O small pores can be prevented. Therefore, the gases, which 
is reactants, can smoothly be supplied to the three-phase 
boundary sites of the catalyst layer. Hence it follows that 
the catalyst layer can satisfactor i ly be activated. 



2 0 Although the effect of the present invention can be 
obtained when the porous polyVner is provided for only the 
inside portions of the pores as shown in Fig. 4 or when the 
porous polymer is provided for ©nly the surface as shown in 
Fig. 5, a furthermore satisfactory activation can be realized 
25 when the porous polymer is provided for both the small pores 
and the surface of the catalyst Aaver as shown in Fig. 6. 
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Although the porous polymer may be provided for the 
overall inside of the small pores or/and surface of the matrix 
of the catalyst layer as shown in the foregoing drawings, 
the porous polymer may be provided for a portion of the 
surface or/and a portion of the inside of the small pores. 

Fig. 7 is a schenatic view showing the structure of an 
electrode for a fuel cell according to the present invention, 
incorporating a catalyst layer, containing a solid polymer 
electrolyte and catalyst particles, and a gas diffusion layer, 



s« 10 containing the electro-conductive porous substance, the 



structure being chara 



zrterized in that the electro- 



conductive porous substance includes the porous polymer, 



Referring to Fig. 7, 
catalyst layer of the 



reference numeral 71 represents a 
electrode, 72 represents the 



electro-conductive porous substance such as carbon paper or 
carbon cloth and 73 represents the porous polymer. Since 
the conductive porous baterial according to the present 
invention includes the porous polymer in the pores thereof, 
a dense structure can belformed. Therefore, the thicknesses 
of the catalyst layer ofjthe electrode can substantially be 
uniformed. 



A preferred material for forming the catalyst particles 
for use as the electrode according to the present invention 
is any one of platinum metal particle, such as platinum, 
25 rhodium, ruthenium, iridium, palladium or osmium, their 
alloy particles or the foregoing catalyst supported on carbon 
particle. The solid polymer electrolyte is a solid polymer 
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electrolyte having proton conductivity. It is preferable 
that the solid polymer electrolyte is constituted by 
ion-exchange resin. It is preferable that sulfon type 
ion-exchange resin is employed which is made of 
5 perf luorosulf onic acid or polystyrene sulfonic acid type. 
Although the porous substrate according to the present 
invention may be made of foam nickel or sintered body of 
titanium fibers, it is preferable that a carbon material 
which is a sintered body of carbon fibers or the like, such 
J 10 as carbonpaper or carbon cloth, is employed from a viewpoint 
of obtaining satisfactory electro-conductivity. 

The polymer according to the present invention is 
polymer which does not always has no proton conductivity and 
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Uj exemplified by p olyvinyl chlori de,, polvacrv lo nitrile^ 

□ 15 polyethylene oxide or polypropylene oxide, 



oplyacrylonitrile, poly vinylidene fluoride, ^ 
polyvinylidene chloride, polymethyl methacrylate, 
polymethyl acrylate, polyvinyl alchol, 
polymethacrylonitrile, polyvinyl acetate, polyvinyl 

2 0 pyrolidone, polyethylene-imine, polybutadiene, oplystyrene, 
polyisoprene or their derivatives. The foregoing materials 
may be empolyed solely or their mixtures may be employed. 
Resin prepared by copolymerizing a variety of monomers which 
constitute the foregoing polymer may be employed. It is 

2 5 preferable that fluoro carbon polymer exhibiting excellent 
hydrophobic ity is employed, such as polychloro- 
trif luoroethylene (PCTFE), polyvinylidene fluoride (PVDF) 
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or polyvinyl fluoride (PVF); or copolymer containing 
f luorocarbon polymer, such as ethylene-tetraf luoro ethylene 
copolymer (ETFE) or ethylene tetraf luoride-propylene 
hexafluoride copolymer (EPE) or vinylidene fluoride- 
hexaf luropropylene copolymer (P(VdF-HFP) ) . Note that their 
—mixtures i ^aybe emp olyed. 
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To realize smooth 



gases, it is preferable; that the small pores in the porous 



polymer are continuous 
structure such as shown 



supply and discharge of the reactant 



three-dimensional ly network 

in Fig. 10. As for the diameter of 



each pore, it is prefera ble that the average diameter of the 
pores is 1 m or smaller , more preferably 0.5 m or smaller, 
preferably lOOnm or larger. Because average diameter of 
pores in electro-conduc tive substrate is about 10 m to 20 
m. Furthermore, it is preferable that the average diameter 
of poresis in porous polymer is 0.05 m or smaller, because 
average diameter of po:res in catalyst layer is about 1 m 
to 2 m. It is preferaDle that the porosity of the porous 
polymer is not lower than 45 % nor higher than 95 % from a 
viewpoint of realizing smooth supply of gases and smooth 
discharge of water. 



25 



The porous polymer electrolyte according to the present 
invention is manufactured by phase-inversion process in 
which polymer (a) from solution (c) in which the polymer (a) 
is dissolved with lowering in solvent (b). 



For example, the phase inversion occurs, by a method 
using change in the solubility on: polymer (a) with lowering 
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the temperature of the solutioh (c) in a case of combination 
of the polymer (a) and the solvient (b) such that the polymer 
(a) cannot easily be dissolves in the solvent (b) at low 
temperature and the polymer (d) can be dissolved when the 
temperature has been raised willl now be described . The phase 
inversion is a phenomenon that ithe polymer (a) with respect 
to the solvent (b) becomes supersaturated when the polymer 

(a) has completely been dissolved in the solvent (b) by 
raising the temperature followed by lowering the temperature 
of the solution (c) so that the pblymer (a) and the solvent 

(b) are separated from each othdr with decreasing the 
solubility. Therefore, the porou^ polymer can nht^npH 

As an alternative to this, the phase inversion occurs 
by a method using change in the concentration caused by 
ij 15 vaporizing the solvent (b) . Process is as follows. The 
polymer (a) is dissolved in a mixture containing a solvent 
(b) and non solvent (e) . The non solvent (e) is less volatile 
than solvent (b) , and the solvent (b) and the non solvent 
(e) must be miscible liquid. During the evaporation, the 
relative ratio of non solvent (e) increases leading to the 
polymer (a) precipitation. Therefore, porous polymer can 
be obtained. 

It is preferable that the phase inversion by a solvent 
extraction method is employed as a method of manufacturing 
25 the porous polymer with which dense and continuous 

three-dimensional network pores can be obtained. That is, 
non solvent (d) which is insoluble in the polymer (a) and 
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soluble in the solvent (b), extract the solvent (b) from the 
solution (c) in which the polymer (a) has been dissolved by- 
contact between solution (c) and non solvent (d) . Thus, the 
porous polymer is obtained. 

The polymer (a) according to the present invention is 
polymer which does not always have no proton conductivity 
and exemplified by polyvinyl chloride, polyacrylonitrile, 
polyethylene oxide or polypropyleneoxide, 
polyacrylonitrile, poly vinylidene fluoride, 
polyvinylidene chloride, polymethyl methacrylate, 
polymethyl acrylate, polyvinyl alcohol, 
polymethacrylonitrile, polyvinyl acetate, polyvinyl 
pyrrol idone , polyethy lene-imine , polybutadiene , 
polystyrene, polyisoprene or their derivatives. The 
foregoing materials may be employed solely or their mixtures 
may be employed. Polymer prepared by copolymer izing a 
variety of monomers which constitute the foregoing polymer 
may be employed. It is preferable that fluorocarbon polymer 
exhibiting excellent hydrophobic ity is employed, such as 
polychloro-trif luoroethylene (PCTFE) , polyvinylidene 
fluoride (PVdF) or polyvinyl flouoride (PVF); or copolymer 
containing fluorocarbon polymer, such as ethylene- 
tetrafluoro ethyelne copolymer (ETFE) ethylene 
tetraf luoride-propylene hexafluoride copolymer (EPE), or 
P(VdF) copolymer . Note that their mixtures may be employed. 

The polymer (a) for use in a method of phase-inversion 
processed by change in the solubility, the polymer (a) from 



the solution (c) in which the polymer (a) has been dissolved 
in the solvent (b) is preferably polyvinylidene fluoride 
(PVdF), P(VdF) copolymer, such as vinylidene fluoride 
/hexaf luoropropylene copolymer (P(VdF-HFP) . 
5 The solvent (b) for dissolving the polymer (a) is 

exemplified by ketone, such as methyl ethyl ketone (MEK) or 
acetone; ester, such as propylene carbonate, ethylene 
carbonate, dimethyl carbonate, diethyl carbonate or 
^ ethylmethyl carbonate; ether such as dimethyl ether; diethyl 

fl 10 ether; ethylmethyl ether; tetrahydrof uran; 
up dimethylformamide; N-methylpyrrolidone (NMP) . In 

iM particular, ketone is a preferred material. Among the 

jj ketone, it is preferable that methyl ethyl ketone (MEK) is 

g f*mp1 nypH 
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When the porous fluorocaron polymer is prepared as a 
polymer (a) by the phase inversion process using the 



above-mentioned solven 



uniform pores can be formed * Therefore, it is preferable 



that the polymer (a) is 
P(VdF) copolymer such a 



/hexaf luoropropylene copolymer (P (VdF-HFP) or vinylidene 



f luoride-ethylene tetn 



polyvinylidene fluoride 



copolymer (P (VdF-HFP) w 



easy hanc 



extraction method, dense and 



polyvinylidene fluoride (PVdF) and 
s vinylidene fluoride 



fluoride (P ( VdF-TFP ) . In 



particular, it is preferable for polymer (a) that 



(PVdF) exhibiting excellent 



25 hydrophobicity or vinylidene fluoride /hexaf luoropropylene 



ich is a soft material which permits 
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The solvent (b) fori dissolving the polymer (a) is 
required to dissolve the Ipolymer . The material is 
exemplified by ester, such! as propylene carbonate, ethylene 
carbonate, dimethyl carbonate, diethyl carbonate or 
5 ethylmethyl carbonate; ether, such as dimethyl ether,* 

diethyl ether, ethylmethy 11 ether or tetrahydrof uran (THF); 
ketone, such as methylethyU. ketone or acetone; 
dimethyl formamide; dimethyl acetoamide; 1-methyl- 

pyrnllifione; an d N-methvlo^Arrolidon . 

I 10 It is preferable that the extracting non solvent (d) 

is water or mixed solution of both water and alcohol because 

I of cheeper. 

When the foregoing materials are employed in the solvent 
extraction method, it is prefterable that polyvinylidene 
fluoride (PVdF) or P (VdF-HFP)\, and solvent (b) is in N- 
methylpyrrolidone (NMP) , and noA solvent (d) is water or the 
mixed solution of water and alciohol from a viewpoint of 
obtaining excellent hydrophobic i\y and uniform diameters of 
the pores . 



2 0 A method of manufacturing the electrode for a fuel cell 

according to the present invention and structured as 
described above will now be described. Paste for the 
catalyst layer consisting of catalyst supported on carbon 
particles, the solid polymer electrolyte solution and, if 
25 necessary, PTFE suspension is apblied onto a polymer film 
to form a film of the paste (in general, having a thickness 
of 3 m to 30 m) . Then, heating ^nd drying are performed 
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so that the conventional catalyst layer can be obtained. As 
an alternative to this, pasta? of the catalyst layer 
consisting of catalyst supported on carbon particles (noble 
metal particles, such as platlLnum are highly dispersedly 
loaded on carbon particle) and J if necessary, solution PTFE 
suspension is applied onto thelpolymer film to form a film 
of the paste (in general, having a thickness of 3 m to 3 0 

m) . Then, heating and drying | are performed. Then, the 
solid polymer electrolyte solution is applied and allowed 
to be impregnated from a position above the polymer film of 
the paste. Thus, the conventional catalyst layer can be 
obtained. If necessary, these afcjove-mentioned conventional 
catalyst layers are joined to tie ion-exchange membrane. 
After that, if necessary, the gas diffusion layer including 
electro-conductive porous substrate is joined to the surface 



solution (c) in which the 
olvent (b) is contained in 
catalyst layer. Then, the 



of the catalyst layer. Then, the 
polymer (a) is dissolved in the sc 
the above-mentioned conventional 
polymer (a) is separated from tlje solution (c) by phase 
inversion process so that the catalyst layer including porous 
polymer for a fuel cell 1 s electrode! is obtained. For example, 
catalyst layer including the solution (C) is immersed into 
the non solvent (d) which is inscluble in polymer (a) and 
soluble in the solvent (b). ThusL the catalyst layer for 
a fuel cell 1 s electrode can be obtaihed by solvent extraction 
method. Then, the polymer (a) is *hase-separated from the 
solution (c) so that the electrode fo\r a fuel cell is obtained. 
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As an alternative to this, the solution (c) in which the 
polymer (a) is dissolved in the solvent (b) is contained by- 
coating or immersion. Then, the non solvent (d) which is 
insoluble in polymer (a) and soluble in the solvent (b) is 
substituted for the polymer (a). Thus, the electrode for 

a fuel cell can be obtained. 

As an alternative to this, paste of the catalyst layer 
consisting of catalyst supported on carbon particles, the 
solid polymer electrolyte solution and, if necessary, PTFE 
suspension is applied ontd> an electro-conductive porous 
substance to form a film d>f the paste (in general, having 
a thickness of 3 m to 30 in) . Then, heating and drying are 
performed so that the conventional electrode is manufactured. 

i, paste of the catalyst layer 



As an alternative to this 



|U15 consisting of catalyst supported on carbon particles (noble 



metal particles, such as 
loaded on carbon particle 



to 3 0 m) . Then, heatinc 



platinum, are highly dispersedly 
and, if necessary, PTFE suspension 
is applied onto electrdo-c onductive porous substrate to form 
a film of the past (in general, having a thickness of 3 m 

and drying are performed. Then, 



the solid polymer electrolyte solution is applied and allowed 
to impregnate so that the conventional electrode is 
manufactured. If necessary, these above-mentioned 
conventional electrode are joined to the ion-exchange 
15 membrane. 



Then, the solution (c) in which the polymer (a) is 
dissolved in the solvent (b) is contained in the above- 
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mentioned conventional electrode. Then, the polymer (a) is 
separated from the solution (c) by phase inversion process. 
Thus, the electrode including porous polymer for a fuel cell 
can be obtained. For example, the above-mentioned 
5 electrode including solvent (c) is immersed into the non 
solvent (d) which is insoluble in the polymer (a) and soluble 
in the solvent (b) so that the electrode according to the 

present invention for a fuel cell is manufactured. 

When the latter\ manufacturing method is employed, the 
^ 10 electrode for a fuel aell, consisting of the catalyst layer 
containing the solid bolymer electrolyte and the catalyst 
particles and the gas \dif fusion electrode containing the 
electro-conductive porius substance has the structure that 
both the catalyst layen and the electro-conductive porous 
Fyl5 substance contain the pbrous polymer. Therefore, an 
„p electrode for a fuel cell exhibiting high activity can be 

p manufactured. When f luotocarbon polymer exhibiting 

excellent hydrophobicityl is employed, a necessity for 
previously imparting the! hydrophobic ity to the electro- 
2 0 conductive porous substance can be eliminated. Because in 
the foregoing case, the pdrous polymer provided for the 
electro-conductive porous substance acts as a hydrophobic 

wial-rvr-i al , 

A method of manufacturing the electrode for fuel cell 
2 5 according to the present invention, which has porous polymer 
in the electro-conductive porous substrate of the gas 
diffusion layer, will be described. 



The solution (c), in which the polymer (a) is dissolved 
in the solvent (b), is contained in the electro-conductive 
porous substrate. Then, the polymer (a) is separated from 
the solution (c) using the phase inversion process by change 
5 in the solubility on change in the concentration as described 
above. 

As an alternative to this, the solution (c), in which 
the polymer (a) is dissolved in the solvent (b) , is contained 
to electro-conductive substrate. Then, the electro- 
10 conductive porous substrate containing solution (c) is 
^ immersed into non solvent (d), which is insoluble in the 

polymer (a) and soluble in the solvent (b) . Thus, the 
H= electro-conductive substrate including the porous polymer 
:^ is obt^in^ri- . 

pLJ 15 Then, a method is employed with which paste of the 

catalyst layer including catalyst supported on carbon 

g particles, the solid polymer electrolyte solution and, if 

necessary PTFE (polytetraf lulproethylene) is applied onto 
the electro-conductive porou£ substance by a brush or by 
20 spraying is employed. As an alternative to this, a film of 
the paste of catalyst layer is directly formed on the surface 
of the electro-conductive porous substance by a screen 
printing method or a doctor blade method. As an alternative 
to this, a method may be employed Lith which a catalyst layer 
25 formed on a polymer film or metallic foil as a blank is 
transferred to the electro-conductive porous substance by 
a hot press method or the like and \hen the blank is removed 
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ill 15 



20 



25 



away. As an alternative tio this, a method may be employed 
with which the catalyst layer is joined to the surface of 
the ion-exchange membrane bjt the foregoing method or the like. 
Then, the electro-conduct ivfe porous substance including the 
porous polymer provided fori the surface of catalyst layer 

thereof is ho t-pressed or pressed. 

If the .method of manufacturing an electrode of the 
present invention for a fuel cell is used which is 
characterized j^n that when the porous polymer contains 
fluorocarbon polymer, furthermore excellent hydrophobic ity 
can be obtained byN^fluorination of the fluorocarbon polymer 
( " f luorination of t^je fluorocarbon' 1 is substitution of a 
fluorine atom for another atom (for example, a hydrogen atom 
or a chlorine atom) . Fluorocarbon polymer includes 
polytetraf luoroethylene dp tetraf luoroethylrie- 
hexaf luoropropylene ( PTFE )\or tetraf luoroethylene- 
hexaf luoropropylene copolyme\^£EPE ) which consists of only 
both carbon atoms and f luor£ne\atoms\ Since the foregoing 
material cannot f urthermore^Jbe fluoridated, the foregoing 
materials are omitted from the scope&fthe present invention. 
It is preferable that the f luoropoly^ne^is polymer containing 
such as polychlorotrif luoro ethylene Copolymer (PCTFE), 
polyvinyl idene fluoride (PVdF) or polyvinyl idene fluoride 
(PVF), vinylidne f luoride/hexaf luoropropylene copolymer 
P(VdF/HFP), ethylene-tetraf luoroethylene copolymer (ETFE) 
or ethylene-chlorotrif luoroethylene copolymer^ (ECTFE ) 
Their mixtures may be employed. 
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The process for f luorination of the porous fluorocarbon 
polymer is performed by substitution fluorine (F) for another 
atom, such as hych^ogen (H) or chlorine (CI) , joined to carbon 
skeletons of the fVorocarbon polymer. For example, when 
the porous f luorocarb^n polymer is exposed to fluorine gas, 
the foregoing process cfcn be performed while the porosity 
is being maintained. Whe\jyi^ substitution ratio of 
fluorine (F) of the f luoi(oc^rboij/ polymer for hydrogen (H) 
and chlorine (CI), is adjus^S^by change in contact time 
between fluorocarbon resin $4id Vluorine gas, the 
hydrophobic ity can be controlled \ Although fluorocarbon 
polymer has somewhat hydrophobic ity\ the process for 
furthermore fluorinating the fluoro carbon polymer as 
described above enables higher hydrophobic ity to be 
Pbtained. 



[Examples ] 

Examples of the present invention will now be described, 
f Example 1 ] 



20 



25 



Paste of a catalyst layer composed of platinum supported 
on carbon (10V30E: iWb%Pt supported on Valcan XC-72 
manufactured by Tanaka l^Lkinzoku ) and solid polymer 
electrolyte solution (5 wtSSNgJLion solution manufactured by 
Ardrich) was applied to 1jfae S^rfa^e of a carbon sheet 
(0.5 mm) as an electro-coi^jictiT>e^Drous substrate to form 
the film of the paste. Then, the'p^ste was dried at 120 °C 
for one hour in a nitrogen atmospheres* Thus, an electrode 
was obtained. The electrode was impregnated with PVdF/NMP 
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solution (the cohcentration of PVdF: 15 wt%) in a vacuum, 
iq^^^ and then immersed M^ater for 10 minutes. Thus, electrode 



A for a fuel cell wjtsXobtained . 



The electrode A has a structure that the porous PVdF 
^-/^ 5 is provided for th^m^de portions of pores and the surface 

of the catalyst lay^y\inside of the electro-conductive 

^=><W / X 
L porous substance. 

The amount of the platinum supported on carbon in the 

paste was adjusted when the paste was prepared so that the 

/glO amount of platinum loading of the electrode A was about 

1 . 0 mq/cm 2 . 



Then, tfte electrode A was hot-pressed to both sides of 

i ^ . X 

l^^an ion-exchange i^embrane (Nafion manufactured by Dupont and 
;^ ^V^having a thicknes^Sf^O m) at 140 °C Then, this membrane- 
lyl5 electrode as sembly^aV introduced ^ nto a single fuel cell 
j£ holder so that cell A wafe obtained. 



T Example ^ ,,1 



Paste composed of platinum supported on carbon ( 10V30E: 
30wt% Pt; Valcan XC^72 manufactured by Tanaka Kikinzoku) and 
2 0 solid polymer electrolyte solution 
% (5 wt% Nafion solution manufactured by Ardrich) was applied 



(vD onto a polymer film (PFA) asS.a blank to form the film of the 
J* 5 ^ ^ paste. Then, the paste was jttartN^ally dried for about one 
^ hour so that a catalyst layer wa scorned . The catalyst layer 
25 was hot-pressed to both sides of £m ion-exchange membrane 
(Nafion manufactured by Dupont and hiding a thickness of 50 
m) at 140 °C, and then the blank was removed away. Thus, 
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a membrane-cataWst layer assembly was manufactured. Then, 
the surface of thebatalyst layer of the assembly was coated 
if^^- — ) with PVdF/MMP solutioftfinn^e concentration of PVdF: 15 wt%) 
^ by using a brush. Then^^l^ assembly was immersed in water 

for 10 minutes so that & membrane-catalyst layer assembly 

B was manufactured. 

The assembly B has a structure in which the porous PVdF 
polymer is provided mainly for the surface of the catalyst 
layer. 

2 10 The amount of the platinum supported on carbon in the 

paste was adjusted when the paste was prepared so that the 
"j 3 amount of platinum loading in either side of the assembly 

id* ! 

1^ B was about 1.0 mg/cm 2 . 



3.. J 



A carhon papers (0.5 mm) , which served as a gas diffusion 
fU15 layer and to\vhich hydrophobicity was imparted, were 

hot-pressed to tl^sssihrf ace of the each catalyst layer. Then, 
the assembly was iflrs^oduced into a single fuel cell holder 
so that cell B was manufactured. 



[Comparative Example 1] 



2 0 Paste 6^mposed of platinum supported on carbon (10V30E: 

^ 3 0wt%Pt supported on Valcan XC-72 manufactured by Tanaka 

Kikinzoku) , solid v polymer electrolyte solution (5 wt% Nafion 
solution manufactured by Ardrich) and PTFE suspension 
/ (Teflon 30 J manuf actyfrS^fey Mitsui-Dupont Fluorochemical ) 
25 was applied onto a hyd»annobic porous paper (0.5 mm) as an 
electro-conductive porons substrate to form a film of the 
paste. Then, the paste was dried for about one hour at 120 °C 



"S 10 



'43 




in a nitrog^ft^tmosphere so that electrode C for a fuel cell 
was obtained, 



The amount of the platinum supported on carbon in the 
paste was adjusted when the paste was prepared so that the 
amount of platinum loading in the electrode C was about 1.0 



mg/cm . 



Then, rbe electrode C was hot-pressed to both sides of 
an ion-exchange\membrane (Naf ion manufactured by Dupont and 
having a thicknes3^of\ 50 m) at 140 °C. Then, the 
membrane-electrode assembly was introduced into a single 

S f HP! — CeJU hoi dPr SO thaf^rPl 1 r mannfa^nro^ 

[Comparative Example 2] 
1^ Pas^ composed of platinum supported on carbon ( 10V3 0E: 

^ 3 0wt%Pt sujJtoorted on Valcan XC-72 manufactured by Tanaka 

ill 15 Kikinzoku), so'JJ.d polymer electrolyte solution 
^ (5 wt% Naf ion sorution manufactured by Ardrich) and PTFE 

Q suspension (Teflon \oj manufactured by Mitsui-Dupont 

Fluorochemical ) was applied onto a polymer film (PFA) • Then, 
the paste was naturally o^ied for about one hour so that a 
2 0 catalyst layer was manu f ac tN*x ed .-\Then , the catalyst layer 
was hot-pressed to both sf^e^yof ar* ion-exchange membrane 
(Naf ion manufactured by Dupont aftd having a thickness of 50 
m) at 140°C and then the blank was removed away so that a 
assembly D was manufactured. The amount of the platinum in 
25 the paste was adjusted when the paste WS\s prepared so that 
the amount of platinum in both sides of assembly D was about 
1 . 0 mg/cm 2 
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A porous carbon paper (0.5 mm) which served as a gas 
diffusion layer, to which hydrophobicity was imparted, was 
hot-pressed to the surface of each of the catalyst layer on 
the ion-exchange membrane. The assembly was introduced into 
5 a single fuel cell holder so that cell D was manufactured. 

I-V characteristics for those cells on H 2 /0 2 are shown 
in Fig. 1. The operation conditions were such that the 
pressure of supplied reactant gases was 2 atm. Moreover, 
humidif ication of gases was carried out by bubbling in a 
10 closed water tank at 80 °C. Each cell was operated at 75 °C. 
Each current level was maintained for 5 minutes during the 
Measurement . ; 




As can bA understood from Fig. 1, the cells (A and B) 
according to thk present invention exhibited higher output 

PU15 voltages at each current density as compared with the 

■ E =i \ 

.|a conventional cells )C and D. In particular, the cell A 

N Q structured such that parous PVdF was provided for the inside 

portions of the pores i\ the catalyst layer and the surface 
of the same exhibited an output higher than that of the cell 
20 B. Since the electrode acperr&iog to the present invention 
has the structure that tW porou4 PVdF exhibiting high 
hydrophobicity was provided f^r the inside portions of the 
pores in the catalyst layer epxd/or the surface of the same, 
supply of hydrogen and oxygen as reactants to the deep 
25 portions of the electrode was enabled \ Therefore, an active 
area of the catalyst layer was largerVhan that of the 
conventional catalyst layer. In particular, the cell A 
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having the ^structure that porous PVdF was provided for the 
inside portiorffc^t>f the pores of the catalyst layer and the 
surface of the saRe and inside of the carbon paper as the 
substrate, exhibited excellent c haracteristics . 
[Example 3] 



°io 



A po^pus carbon substrate (the thickness was 0.5 mm, 
an average fiber diameter was 10 m, an average diameter of 
pores was 10 mSand the porosity was 75 %) was, in a vacuum, 
impregnated with ^dPJNMP solution (concentration of PVdF 
was 20 wt%). Then,"*~t^^ substrate was immersed in water for 
10 minutes so that the pofcspus carbon substrate including the 
porous PVdF was manufactii>eH. 

Then, ^ste composed of platinum supported on carbon 
(10V30E: 30wt% Ss ^t supported on Valcan XC-72 manufactured by 
nU 15 Tanaka Kikinzoku) )\solid polymer electrolyte solution (5 wt% 
;J p Naf ion solution manufactured by Ardrich) and PTFE suspension 

(Teflon 30 J manufacturWl^v Mitsui-Dupont Fluorochemical ) 
was applied onto the sur*l^£eJof the above-mentioned porous 
carbon substrate by perfGfrm^ng a spraying method so that 
-212 electrode E for a fuel cell wks manufactured. 



The amount of the platinum supported on carbon in the 
paste was adjusted when the paste was prepared so that the 
amount of platinum in the electrode E was about 



1 ■ 0 Tnq/ftm. f 



25 




The electrodesji^was hot-pressed to both sides of an 
ion-exchange membran^.\Naf ion manufactured by Dupont and 
having a thickness oi/ tKp m) at 140°C* This membrane- 
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f^^Tw electrode ass^rK&ly was introduced into a single fuel cell 
■ ^ 0NsW * hnl^fiy so that df^ll E was manufactured. 



3r 



[Example 4] 



A porous carbon paper as a substrate (the thickness was 
5 0.5 mm, an average fiber diameter was 10 m, an average 

diameter of pore^\was 10 m and the porosity was 75 %) was 

. \ 
f^^O impregnated with P ( V^F-HFP ) /MEK solution (the concentration 



of PVdF-HFP was 10 wt^) Vt 75 °C. Then, the substrate 
including P (VdF-HFP)VMSfe^solution was dry in thermostatic 
'g 10 oven at 30 °C so that MEK wasNremoved. Thus , the porous carbon 
"J substrate including the porosis P(VdF-HFP) was manufactured 

; ^ bv the phase inversion proces\ . 

j^t Then, paste composed of platinum supported on carbon 

^ (10V30E: 30wt% Pt supported on Valcan XC-72 manufactured by 

rUl5 Tanaka Kikinzoku) , solid polymer electrolyte solution (5 wt% 

j 5 

vp Naf ion solution manufactured by Ardrich) and PTFE suspension 

'=3? 

Q (Teflon 30 J manufactured by Mitsui-Dupont Fluorochemical ) 

was applied to the above-mentioned carbon substrate by a 
spraying method so that electrode F for a fuel cell was 
20 manufactured. 

The amount of the platinum loading in the electrode was 
adjusted when the paste was prepared so that the amount of 

| platinum loading in the electrode F was about 1.0 mg/cm 2 . 

The electrodeVfi^was hot-pressed to both sides of an 
25 ion-exchange membraq^(Naf ion manufactured by Dupont and 
Oj^ having a thickness ofl 5&L m) . This membrane-electrode 



^3 




assembly was in^>pduced into a single fuel cell holder so 
that cell F was manufactured . 



[Comparative Example 3 1 



A porous carbon substrate (the thickness was 0.5 mm, 
5 an average r$±>er diameter was 10 m, an average diameter of 
^^^v pores was 10 it^ and the porosity was 75 %), to which 

' hydrophobic ity w^te imparted with PTFE suspension, was 



^0 



dispersed was applied with paste composed of platinum 
supported on carbon (rOV3 0E: 30wt% Pt supported on Valcan 
JlO XC-72 manufactured by Tai(^fa^Ks^kinzoku ) , solid polymer 
Jjj electrolyte solution (5 wt%^Ja£ioh solution manufactured by 
Zj! Ardrich) and PTFE suspensioryiSTef Ion 30 J manufactured by 
~I! Mitsui-Dupont Fluorochemical ) byNa spraying method so that 
^ electrode F for a fuel cell was manufactured. 



^15 The amount of the platinum supported on carbon in the 

paste was adjusted when the paste was prepared so that the 

Q amount of platinum in the electrode F was about 1.0 mq/cm 2 . 

The electrode F was hot-pressed onto both sides of an 
P^^^-O ion-exchange membrane (Nafion manufactured by Dupont and 
^2 0 having a thickne^^&f 50 m) at 140°C. The membrane- 
electrode assembly's introduced into a single fuel cell 
holder so that ce ll G wks manufactured. 



I-V characteristics of the cells (E, F and G) on H 2 /0 



2 



r\ were measured. The I-V^characteristics for the cell (E) and 

25 cell (G) were shown in Fi^. 3.. Note that the I-V 

characteristics of the cellar) according to the present 
invention were similar to ^hos^Vpf the cell (E) according 

-30- 



to the present invention. The operation conditions were 
Uy< such that the pis^essure of supplied gases were 1.8 atm 
L/ *^ pressures. Moreover^humidif ication of gases was carried 

out by bubbling in a cxbepd water tank set to 85 °C to perform 
5 wetting . Each cell was (/pirated at 7 8 ° C . Each current level 

» was ma intained for 5 minute^ during the measurement. 

As can be understood from Fig. 2, the cells (E and F) 
^2 according to the present invention exhibited higher output 

voltage at ea^h current density as compared with the 
;g 10 conventional cell (G) . Since the conventional electrode had 
'% the structure that\the thickness of the catalyst layer was 

/I uniform, so ineffective portions were distributed in the 

catalyst layer. On thkother hand, each of the electrodes 
L according to the preserrc\invtention had the structure that 

!~Ul5 the thickness of each ofX^eycartialyst layer of the electrode 
: |S was controlled to be constant (5 m to 10 m) . Therefore, 
Q the overall portion of the cata\yst layer acted effectively 

so that the electrochemically active area of the catalyst 

layer of the electrode was larger Vhan that of the 
= 20 conventional r^tal yat- l^ypr nf i-hp\i 0 PtrnHo 

[Example 5] 

A porous caris^on substrate (the thickness was 0.5 mm, 
a n average fiber diameter was 10 m, an average diameter of 
pores was 10 m and the^o£Qsity was 75 %) was, in vacuum, 
^25 impregnated with 20wt% Pf^F^HF^) (HFP: 6 wt%)/NMP solution. 
Then, the substrate includingSp ( vdF-HFP ) /NMP solution was 
immersed in water for 10 nanute9y so that a porous carbon 
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substrate M_ nclud i n g the porous P(VdF-HFP) was obtained. 
Then, the porous carbon substrate was exposed in a mixed-gas 
atmosphere inVhich 10% fluorine gas - 90% nitrogen gas for 
2 0 minutes. Thu\, carbon substrate including a porous 
carbon substrate including the fluorinated porous 
fluorocarbon polymer\P(VdF-HFP) was manufactured. Then, 
paste composed of platinum supported on carbon (10V3 0E: 3 0wt% 
Pt supported on Valcan X\-7 2 manufactured by Tanaka 
Kikinzoku) , solid polymer er^t^olyte solution (5 wt% Nafion 
solution manufactured by Akxl\ichji an <3 solution PTFE 
suspension (Teflon 30 J manufactured by Mitsui-Dupont 
Fluorochemical ) was applied onto the porous carbon substrate 
to form the film of the paste so tha\electrode H for a fuel 
cell was manufactured. The amount of t^e platinum supported 
on carbon was adjusted when the paste prepared so that 
the amount of platinum loading in the eledl^rode H was about 

1 .0 mq/cfflL 

The electrdHe H was hot-pressed onto both sides of an 
ion-exchange membrane (Nafion manufactured by Dupont and 
having a thickness o^X in) at 140°C. This membrane- 
electrode assembly was /ivfe^roduced into a single fuel cell 
holder so that cell H was m&nuf act ured , 
[Comparative Examp le 4] 

A porous carbon paper as a substrate (0.5 mm) to which 
hydrophobic ity was "imparted by coating with PTFE suspension 
(Teflon 30 J manuf actNa^acS by Mitsui-Dupont Fluorochemical) 
was coated with paste ii/clWling platinum supported on carbon 
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(10V30E: 30W% Pt supported on Valcan XC-72 manufactured by 
Tanaka Kikinzoku) , solid polymer electrolyte solution (5 wt% 
Naf ion solution manufactured by Ardrich) and PTFE suspension 
(Teflon 30 J manufactured by Mitsui-Dupont Fluorochemical ) 
5 so that electrode I W a fuel cell was manufactured. The 
amount of the platinum supported on carbon was adjusted when 
the paste was prepared so\hat the amount of platinum loading 
^ - ^ in the electrode I was aboiuAl . OSmg/cm 2 . Then, the electrode 



I was hot-pressed onto botK^i^atsyof an ion-exchange membrane 
^10 (Naf ion manufactured by DuponAand having a thickness of 50 
m) at 140 °C. This membrane-electrode assembly was 
introduced into a single fuel cell\older so that cell I was 



;^ I-V characteristics of the cells (H and I) on H 2 /0 2 were 

!yl5 shown in Fig. 3. The operation conditions were such that 
p the pressure of supplied reactant gases was 3 atm. Moreover, 

a 

□ humidif ication of gases was carried out by bubbling in a 
closed water tank at 80 °C Each cell was operated at 60 °C 
Each current level was maintained for 10 minutes during the 

■ 20 measurement. 



As can be understood from Fig. 3, the cell (H) according 
to the present invention exhibited output voltages higher 

J rs \ 

— * than those of the conventional cell (I) in a high current 
i J density region. The el^tras^de according to the present 
25 invention incorporated tWW^us carbon substrate contains 
porous polymers obtained by/ fluorinating P(VdF-HFP) . 
Therefore, excellent hydrophobic ity and gas diffusivity 
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were simultaneously imparted to the electrode. On the other 
hand, the conventional electrode incorporated the porous 
carbon substratfi^co^ted with PTFE particles . Therefore, the 
conventional elefe^tffocie having excellent hydrophobic ity and 
poor gas dif f usivit{y^because the pores in the substrate were 
closed by PTFE partic^s. — 



The Electrode for a fuel cell according to the present 
invention including the porous polymer shows simultaneously 
excellent hydrophobic ity and gas dif fusivity . Furthermore, 
the thickness of ^he catalyst layer was maintained uniformly, 
therefore overall portion of the electrode is effective for 
electrochemical reactions. Hence it follows that the active 



area of the electrode 
of the conventional el 
performance fuel cell can 
manufacturing method acco 
able to manufacture the 



nlarged as compared with that 
As a result, a high- 
anufactured. The 
r ding fc^o the present invention is 
electrodeVlmproving a high- 



performance for fuel cell can be manufactured. 
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